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ABSTRACT

v waters of the Mersey and Forth Rivers include the How
agol“p . (garnet- and mica-schists and quartzites), Fisher Group (quartzites and slates) and the Dove schgt]
Inm'nc - and 1mica-schist). The rocks were strongly deformed during two phases (Fy and Fu) of the regional
mo“]mnorphlsm of the Frenchman Orogeny; a third phase (Fs) may include both Preeambrian and Palaeozoie
ingamcnts_. The rocks resemble those of Frenchman’s Cap in their chronology of deformation and crystal-
e ion. Tt is postulated that the rocks were folded into the large recumbent Borradaile Fold during F. and

1 into u serics of synforms and anliforms during the Devonian Tabberabberan Orogeny.

Precambrian metamorphic rocks in the head

INTRODUCTION

aters of the Mersey and Forth Rivers have been briefly described

Pg”spr.v (1958) and are very similar to those at Frenchman’s Cap (Spry, 1962b). The area }(’ﬁg. 1) is
overed by the Middlesex one-inch sheet of the Tasmanian Mines Departiment (Jennings, 1958).

DllrbsThc Precambrian rocks are overlain by Cambrian sgdimcnts just South of Lorinna, but like many other

cia of the cdge of the Tyennan Geanticline, the Cambrian Dundas Group is generally missing and_Ordovi-
rn Scdlmcnfs rest  direetly on the metamorphic  rocks. The uncomforinily between Ordovician  and

0"cclm.nbr1an rocks is not strongly angular and the dip and strike are similar even though gamet schist is
erlain by unmetamorphosed sandstone. Devoniau granite has intruded along the unconformity in several

Dlages.
-schist, (Dove Schist) followed to the south by a belt which

" dSopth of the unconformity is a belt of gamet; ’ .
écl lominantly quartzitic (Fisher Group). Next in order going south along the Mersey River is the Arm
hist (garnct- and mica-schist) then the quartzite belt through Maggs Mountain (Maggs Quartzite or Fisher

&rgurl); and then the Howell Group of schists and quartzites which extend further south for many miles
It will be shown that two periods of d

é‘v ism which is considered to be the Frenchman Orogeny (S
ent (F3) are not subdivided here and probably range in ag

The Precambrian rocks of the headw

eformation (F: and Fz) occurred during the regional metamor-
pry, 1962a). Structures related to a third tectonic
¢ from Precambrian to Devonian.
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NOTES ON THE PETROLOGY AND STRUCTURE OF THE PRECAMBRIAN

PETROLOGY

The lithology of the wvarious rock groups will be
first described and then the possible structural, strati-
graphic and petrological relations disenssed. Study of
similar rocks at Frenchman’s Cap (Spry, in press) has
shown that the history of the metamorphic rocks can
be best determined by analysing the chrouoclogy of
crystallization and deformation. Bedding is referred
to as S, the foliation produced during F, is S, & was
formed during F. and 8 during Fs.

DOVE SCHIST

Dark colonred, rather fine-grained mica schists are
well exposed along the Mersey Forestry Road for
several miles north of the jnnetion of the Mersey and
IPisher Rivers. Similar schists outerop further west
along the Forth River and the type locality is at the
quarry just west of the Forth River on the road from
Lorinna to the Dove Mill (Spry, 1938).

The schists are strongly foliated with 2 colomr
banding parallel to the foliation. The lithology is
uniforin and interbedded quartzites are rare. Lineation
is uncommon,

The schists contain quartz, muscovite, chlorite and
albite with garmet in many specimens but biotite in
only a few. Accessories are graphite, iron ore, zircon
and tourmaline.

The main difference between the varieties of Dove
Schist lies in their fabrie and five speeimens (7372°,
7382, 7370, V383 and 7392) from the Mersey Forestry
Road, 3 miles north of the Fisher - Mersey junction
illnstrate this. No. 7372 is simplest and is finc-grained
and composed mainly of sub-parallel flakes of muscovite
with small lentienlar grains or aggregates of quartz and
smull porphyroblasts of garnet. The foliation is made
np of interweaving layers of mica dividing the rock
into lenses. Chlorite forms small discontinnous layers,
Albite occurs as small lenticular porphyroblasts with
various Si (S-internal, the S-surface within a_crystal)
strnetnres. In some grains the 8¢ are sigmoidal and
trail off into Se (S-cxternal, the S-surface outside of the
crystal) and are thns syntectouie, others contain straight
Si which pass out into 8¢ und are postiectonic, some
contain 8¢ which are discordant with Se¢ and thus are
pretectonic to the foliation.

Muscovite and chlorite generally oecenr as well-
oriented parallel flakes (syntectonie) but randomly
oriented posttectonic flakes are also present. Other
muscovite erystals ocenr in thin quartzose lenses which
are purallel to the foliation but which contain miea
flakes oblique to the foliation. It will be shown that
these flakes represent an old foliation 8, and that the
major foliation is S.. The latter is slightly erumpled
and a folintion S has developed along the appressed
limbs of the folds; some growth of muscovite and
chlorite has ocenrred along S;. No mineral growth was
associated with S at Frenchman’s Cap.

No. 7382 is similar in outward appearance to the
previous specimen and outcrops close to it but is con-
siderably more complex. L contains three distinet
foliations. The major schistosity 8. is formed by thin,
closely spaced parallel layers alternatively richer in
muscovite or in quartz. An older foliation S, occurs
as tightly folded remnants between the lavers of S..
A third folation Ss runs obliquely across the rock as
widely spaced, straight fractnres with a little randomly
orirnted posttectonic biotite (fig, 2g).

¢ Numbers refer to specimens in the collection of the Depart-
ment of Geology, Unlversity of Tasmania.

Muscovite occurs as small flukes along both 8 and
S: and is probably syntectonie to Iy and F. Garnet
forms sinall structureless porphyroblusts which do uot
disturb the surrounding micas’; some have ‘pressure
tails’ of quartz in 8; and thns are pretectonic to Fy and
probably postteetonic to Fi. Albite forms small rmgged
crystals with dusty trails (fig, 2b) concordant with S
and are possibly postiectonie to Fe.

Biotite occurs in a number of forms. Greenish flukes
along S are posttectonic to Fy and appenr to be the
last mineral to crystallise, Large ragged and bent flakes
of rusty brown colour appear to pre-date S: and to
be posttectonic to Si. Green biotite ocenrs in lenses
along S: but the cleavage is perpendicular to the leus
(fig. 2¢); trails of tiny dusty inclusions pass unbroken
from 8. through the micas which conseqneutly are
posticctonic to 8. (fig. 2d).

No. 7870 is n fine grained, irregularly schistose rock
with  porphyroblasts of albite set in a matrix of
muscovite, qnartz, garnet and chlorite. The dominant
schistosity 1sx S:; und barely-discernible remnants of
S remaiu. The eorrelation of foliations eg., 8., from
specimen to specituen is made from continuity in the
field and is 1wdepcudent of petrographic eriteria as
seen under the microscope.

The albite forins spongy porphyroblasts which are
cither untwinned or have simple twins on the Albite
Law. The outer parts of the erystals have trails of
inclisions continuous with lines of grains in S: and are
clearly posttectonic tv 8., The cores of the albites
extinguish differently from the rims and thus have a
slightly difiecrent composition ; central inclusions are
either randomly arranged or absent. The cores might
be pretectonie to S,

Garnet forins small ¢rystals in the core of the albites
and in the schistose matrix ; both types are of similar
size and it scems probable that all the garnet erystal-
lized at an early stage.

No. 7383 contains a foliation which may be 8, or .
Garnet iz uabsent. Albite, tourmaline, chlorite, biotite
and muscovite are posteclonie to the folded foliation
(fig, 2e).

No. 7392 is mineralogically sinple in that it consists
of quartz, biotitc nnd muscovite with a lttle albite.
bunt its structure is complex. S, is recognizable ag a
very tightly folded surface ent by S; which is itself
folded. The rock consists of alternate lenses of quartz
and miea with the orientation of the mica depending
on its position within the folded S-surfaces. Muscovite
lms eryvstallized syntectonically along 8, and S and
posttectonieally in the cores of some folds in 8. Albite
is posttectonic to 8. and Dbiotite appears to be largely
posttectonic to 8, as it forms unbent flakes obliquely
across some folds of S..

Specimens of schist from the Forth River are essen-
tially similar. Specimen No. 7371 from the quarry at
the tvpe-locality is o lustrons greenish rock. It is
composed chielly of quartz, muscovite, and chlorite with
aceessory garnet, tourmaline, zircon and rutile and the
fabric in thin section is very irregular (fig. 2f). The
rock consists of alternate layers of muscovite plus
quartz and of fine-grained chlorite ; the layers have
been tightly folded then disrupted so that isolated
fold-hinges and twisted limbs remain. The flakes within
the layers are discordant with the bonndaries of the
lavers. The tiny chlorites form a matted aguregate in
which the flakes are diversely oriented with only a
slight tendency for alignment in zones, particularly
along the marging of the layers.




LEGEND

SILURIAN

ORDOVICIAN

@ GORDON LIMESTONE
CAROLINE CREEK SANDSTONE

CAMBRIAN

DUNDAS GROUP

PRECAMBRIAN

DOVE SCHIST

FISHER GROUP
ARM SCHIST

HOWELL GROUP

DIP AND STRIKE OF BEDDING
OR FOLIATION

PLUNGE OF LINEATION
ANTICLINE OR ANTIFORM AXIS

SYNCLINE OR SYNFORM AXIS

eermewem PRECAMBRIAN=PALAEOZ0IC
CONTACT

LORINNA

Fig. 1.—Geology of
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Based on Spry (1958) and Jennings (1958).
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Fig. 2.—Tcxtures of somc schists :

(a) Folded S, remnants within planar S,.

(b) Helicitic structurc in posttectonic albite.

(c) Lenticular flakes of biotite elongate along S,
but with clcavage pcrpendicular to S,

(d) Heclicitic structure in chloritc, posttcetonic to S,.

(¢) Helicitle structure in tourmaline and albite, post-
tcctonic to S,

(f) Complcx structure of Dove Schist.

(g) Posttectonic biotite along S,.
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The development of the fabric is dithicult to interpret
but by comparison with the structure in adjacent rocks
it is likely that the parullel chlorite flakes and }m('\
of muscovite flakes mark S, and that the banding, &
has been tightly folded.

An analysis (Table 1) shows high alumina and siliea
the low lime is typical of Tasmanian Precambrian
schists, The analysis suggests that the chlorite is un
tron-aluming variety.

No. 7368 which is a greenish schist, 3 miles west of
the Dowe Mill, shows the najor folntlon at about 200
to a compositional banding which might be bedding.
Under the microscope, the texture is irregular and the
foliations not well developed. Muscovite, quartz, chlorite,
albite and a little biotite are present. Irregular layers of
mnica trend in one direction to give a foliation, but
inany micas arc oricnted at various angles to the
foliation. Two genecrations of biotite include large,
bent, partially chloritized flakes which are pretectonic to
the foliation,

Fabric cvolution

1t is difficult to determine exaetly what happened in
the early stages. Bedding (So) is not preserved although
dusty Si in chlorite and albite of na. 7366 (discordant
to both S, and &) may represent bedding.

The fabric of the Dove Schist has evolved in the
following way :

Bedding (Se) was folded and an early foliation
S, produeed by synteclonic growth of quartz

The mmjor folintion S: was formed during fold-
ing and transposition of S,. Syntectonic growth
of quartz and muscovite; posttectonic growth of
| ulbite, chlorite, biotite and tourmaline. Chlori-
L tization of garnet and biotite.

[ 8. was folded with the production of a sporadic
fracture eleavage 8. Some posttectonic growth
of chlorite, green biotite and quartz.

HOWELL GRour

Spry (1958) named the group of schists and quartzites
along the western side of the Mcrsey valley, south of
Walter's Marsh, the Howell Group. A narrow belt of
schist and minor quartzite ncar the Arm-Mersey
junetion was named the Arm Schist and was regarded as
possibly a distinet formation although the lithologieal
similarity  with the Howell Glonp was  recognized.
Jennings (1958) grouped the Arm Schist in the Hlowell
Group. Stratigraphic equivalence cannot be cither
proved or disproved but the strnetural inierpretation
advanced later regards the Armn Schist as a formation
in the Howell Group. In any petrologieal discussion
there is no reason to separate them as the lithologices
appear identical,

The schists as a whole are composed of muscovite,
quartz, garnel, albite, chlorite und biotite with accessory
tourmaline and rutile. The two main varietics are
quartz - muscovite - albite - gamet schist, and quartz-
muscovite-biotite schist.

Examples of the first group (7388, 7401 and 7374
are coarse-grained, knotted and strongly foliated rocks.
Under thie microscope they consist of about 45% quartz,

Iy and muscovite. Brown biotite and gamet were  253% muscovite, 20% albite, 5% garnct and 4% chlorite;
probably formed., Some biotite was chloritized  rutile, apatite and tourmaline are accessories. The
posttectonically. analysis (Table 1) shows the moderate siliea, low lime

TABLE I
1 2 3 4 5 6
S0y 62.50 93.52 7256 70.82 76.92 64.76
Al:Os 19.70 3.63 15.03 16.72 12,08 19.00
Fe.0s 0.75 028 1.85 0.53 068 1.07
FeO 5.59 038 1.02 1.28 1.89 3.20
MgO 1.72 0.14 1.07 1.22 161 1.16
CaO 0.48 001 0.0t 039 Tr 0.08
Na.O 0.11 0.10 1.11 1.02 1.47 1.72
K:0 434 2.15 391 424 2.59 435
H.04- 394 0.20 2.34 280 1.86 298
H.O0— ... 0.11 nil 0.20 0.20 003 0.12
MnO 0.05 001 0.01 0.03 0.01 0.04
"T10a o 0.62 005 0.62 0.77 042 0.88
2.0; 0.07 nil 0.03 0.07 0.0t 0.08
99.98 100 50 99.29 99.41 99.60 9944

1. Schist, 7371, Dove Sechist, Dove Mill.

2. Quartzite, Fisher Group, Mersey River.

3. Banded slate, 7390, Fisher Group, Mersey River.

4. Banded slate, 7390, Fisher Group, Mersey River. (anal, Avery and Anderson).

Mica schist, 7387, Howell Group,

o @

Walter's Marsh.
Mica schist, 7388, Howell Group, Mecrsey River.
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and high potash typical of Tasmanian Precambrian
micy schists.

Large (2mm.) prismatic porphyroblasts of albite are
set in an irregularly schistose matrix of quartz and
museovite. One foliation (S)) is dominant and is
foriped by subparallel mica flakes and by alternating
lenticular layers rich in quartz or in muscovite. A
vounger_foliation (S:) ocenrs as sporadic shear planes at
thout 15° 10 S:; growth of a little quartz nnd ehlorite
hag taken plaee along these surfaces. The remains of
an older S-surface oceurs as contorted 8¢ within albite.

The strongly contorted Siin the albite are not found
elsewhere in the rock and consist of trails of tiny opaque
grain®, apparently maphite. The first stage appears
o have been the folding of a surface whieh may have
heen S, or S, with little evidence of synteetonie growth.
The albite encloses a little quartz, idoblustic tourmaline
and garmet so thal these three minerals predated its
formation, but the main growth of a folintion formned
by muscovite postdated the albite. The feldspar is
posttectoni¢ to Si. A few seattered, bpnt ﬂnkqﬂ of
partially or wholly chloritized biotite which contain Si
somewhat similar to those in the albite, are regarded as
of gimilar age. The major part of the muscovite and
quartz outline 8 and are synteetonic.  The garnet
contains a few vague St and has the same relationship
to muscovite as the albite (the miea wraps around it)
so that it also predates S.. Withiu the layers of 8, some
myseovite flakes outline fragmentary folds and this is
probably folded 8. Some muscovite flakes grow
randomly across the major foliation and thus are post-
tectonic to S:  Some quartz and ehlorite erystallized
along Sa; chlorite has replaced garnet as a late, non.
oriented aggregate.

No. 7401 shows some slight differences. The albite
porpliyroblasts eontain Si which are traced out, not
only by tightly contorted dusty inelnsions (So). but
also by gently curved lines of elongale quartz erystals
(8,). This indicates some growth of quariz prior {o the
albite formation. Traces of a folded S-surface (S.)
older than the major folintion (S.) are present as fold
cores and lenses containing parallel muscovites oblique
to Sa.

Brown biotite is abundant, Some large flakes enclose
dusty Si trails and also muscovite flukes and are post-
tectonie to Si. A few smull biotite flakes are enclosed
in albite and could be early posttectonic to S, A large
proportion of the smaller biotites are parallel to the
muscovite in 8: and are probably syntcctonic to this
stage.

A little chlorite is present, most of it clearly derived
from garnet. It commonly forms an envelope to the
garnet. crystals and forms part of 8. It would appear
that chlorite is syntectonic to S, but gamet is older
and probably assoeiated with S,

No. 7374 lacks chlorite; in this specimen biotite forms
an envelope to the garnet and appears to form by
reaction between muscovite and garnet. Many garneis
show snowball strncture and are syntectonie to S;; they
are partly replaced by randomly oriented biotite which
is posttectonic,

Quartz-muscovite-biotile schists (such as 7399 and
7408) are richer in quartz than the schists in the
previous group, contain mueh larger muscovite flakes,
are not so strongly bzuded, have only rare garnet, and
contain albite but not as porphyroblasts.

The foliation produced by parallel muscovite flakes,
thin layers of muscovite and the clongation of some

quartz, has been contorted. This foliation is probably
cquivalent to the major foliation S, of the other schists
but clearly recognizable reliets of S, are uncomnon
(e, No. 7386). Albite encloses round quartz crystals
and rare garnets bul no S/ are clearly recognizable.

Muscovite flakes are bent around the small folds but
the biotite which averages about 1/20th of the size of
the muscovite is fresh and unbent. It is intergrown
with the muscovite and appears to replace it.

The order of erystallization was probably as in Table

Quartzites

Beds of quartzite up to a hundred or so feet in thick-
ness and varying from vitreous to saccharoidal, and
Imassive to folinted, oceur within the Howell Group
(e, 7397, 7400, 7402 and 7401). The quartzite core of
an overturned antieline is exposed under the bridge
across the Mersey River at Walter's Marsh. A thin-
section cut normal to the lineuation of specimen 7397
from the Walter's Marsh bridge is medium grained and
granular. Quartz is not noticeably elongate but a weak
folintion is produced by tiny, sparse, sub-parallel
museovite and biotite flakes. The quartz grains are
slightly undulose and contain many eracks,

No. 740/ from the same locality is finer grained but is

more strongly foliated; the parallelism of mieas is more
pronounced and the quuartz grains are slightly clongate.

FISHER GROUP

The Fisher Group consists of the quartzites and slates
along the Mersey River between a point about 4 a
mile north of the Arm River junction and a point about
1 a mile north of the Fisher River junction.

The group is dominantly composed of white quartzite.
Some is very thickly bedded and massive with ripple
marks and cross bedding. Bedding is clearly visible and
many of the rocks are only poorly folinted and lineated;
folds are rarely visible. The pelitic members are black,
laminated siliceous slates which are strongly cleaved
and possess small tight folds.

The quartzite at Maggs Mountain was regarded as
possibly n separate formation Spry (1958) and named
the Maggs Quartzite. The mapping of Jennings (1938)
further west indicated that the Fisher Group and Maggs
Quartzite are eontinuous. Petrographic examination
shows that the two are lithologically indistinguishable
and so the term “Maggs Quartzite” is not used further.

Quartzite

The rocks are dominantly composed of quartz with
albite and microcline and minor amounts of rutile and
tourmaline as accessories. The analysis in Table 1 is
that of a feldspathic sandstone with about 6% of
feldspar, mostly microcline,

The main variation is in the texture. No. 7376 from
the Torth River,  a ile uorth of Gisborne’s Hut, is :
coarse white massive quartzite with traces of small
isoelinal folds visible on a polished surface. A weak
foliation is parallel to the axial surface of the folds.

Under the microscope the rock has a pronounced
mortar texture ; large parallel lenticular quartz grains
with strong undulose extinetion are set in a fine-grained
matrix containing parallel muscovite flakes and equi-
granular quartz grains, A little fresh pretectonic
microcline 1s present.

The mortar texture i3 present in 7405 but is less
clear in 7389 and 7394 and barely recognizable in 7398.
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In these specimens the proportion of large relict grains
is very much smaller and the matrix is coarser in grain
with undulose, eclongate and lenticular crystals with
blurred margins. The feldspars occur as well-rounded
crystals commonly surrounded by a layer of tiny
muscovite flakes. A feldspathic quartzite (No. 7383)
from Magps Mountain is more strongly reerystallized
and foliated with no signs of mortar texture.

No. 7373 from the track along the Forth River, 1 mile
north of Gisborne’s Hut, has a weak cleavage close to
the bedding and a strong lineation due to irregular
fine ribbing. In a section cut normal to the lineation
the texturc is most unusual and quite unlike any of the
other quartzites. The quartz grains are lenticular and
feathery with sutured margins; they are strongly
undulose and have a preferred orientation,

Petrofabric analyses (Spry, in press) show that some
ripplemarked quartzites are virtually undeformed and
have no preferred orientation of quartz whereas others
are more deformed with a weak fabric.

Slates

Black slaty rocks oecur among the quartzites of the
Fisher Group but lack of outcrop has prevented mapping
of their distribution. The rocks are thinly bedded,
siliceous, dark in colour, somewhat glossy and might
be called either slates or low grade phyllites. Very tight
shear folds from a few millimetres to a few centimetres
across are prominent (examples include 7406 and 7390).

The slate is composed of quartz, linc-grained muscovite
and a little chlorite with accessory zircon, tourmaline and
iron ore. Two chemical analyses of a specitnen from the
western side of the Mersey River, midway between the
Arm and the Fisher Rivers, are given in Table 1. The
rock was originally a siliceous siltstone and is rich in
silica, alumina and potash, but poor in lime and iron.
Tt is similar mineralogically and chemically to a phyllite
from tha Mary Group (Spry, 1962b) but is quite
different in fabric. It is not chemically dissimilar from
the schist (7387) from the Howell Group but has less
silica (5%), more alumina (1%) and more potash
(2%).

Under the micriscope, bedding (8) is visible as layers
differing in grainsize (particularly quartz) and in the
relative proportions of quartz and muscovite ; chlorite
occurs as tiny dark green apgregates and zircon (some
quite angular) is abundant in some layers. A single
strong foliation (S, 7) produced by parallelism of micas
and by elongation of quartz grains has been folded
with extreme thickening in the erests and troughs and
thinning on the limbs ; the folds are asymmetric and
almost isoclinal. In some parts the bedding has been
completely sheared out but in others can be seen to have
been displaced in segments by the foliation. The bedding
has a frayed appearance where it is cut by the foliation.

STRUCTURE
PRECAMBRIAN STRUCTURES
Bedding (S) is only recognizable with certainty in
some of the more massive Fisher Group quartzites
where it shows ripple marks and cross bedding. Compo-
sitional banding in Fisher Group slates is not much
disturbed tectonically and iz alinost certainly bedding
also. The coutaets between major quartzites and schists
in the Howell Group are bedding planes along which
considerable tectonic movement hag taken place.

Compositional banding on a small scale in Dove and
Howell schists is due to alternations of quartz and

musiovite-rich lavers and is a foliation much later
than bedding. If the oldest S-surface ESS: znkcrl)(‘hm be
bedding (and this is by no means certain) it has been
isoclinally folded, sheared through by later foliations
and rotated towards parallelism with them. On a larger
sca]e it scems very probably that even thongh the major
foliation (8:) of the schists is steeply dipping and there
appear to be verv great thicknesses of metamorphosed
sediments, the forinations or groups as a whole are
subhorizontal and tightly folded. It docs not seem
likely that the inclination of the schist can be deter-
mined from the attitude of the foliation or bedding
relicts within it ; in which ease there scenis no way to
determine its attitude. In other parts of Tasingnia it
has been found that 8, 8; and S; are commonly almost
parallel because of repeated isoclinal folding,

Remains of up to 3 or 4 foliations are present in
some of the schists but generally only 1 or 2 are
reeognizable  macroscopically.  Bedding and p single
slightly oblique foliation can be recognized in Fisher
Group quartzites and_slates. A strong and 3 weak
folintion can be scen in most Dove Schists. Generally
only one major foliation is recognizable in Howell schists
and quartzites, This is subparallel to bedding relics
and parallel to the axial surface of small folds.

The foliations strike u little north of west and dip
steeply to the north or to the south (fig. 3).

Spry (1958) deseribed mesoscopic and nacroscopic
folds of various dimensions. Tn the petrographic seetion
it was shown that S, and S, and probably 8, were
folded on a microscopic scale during the metamorphism.
No dctailed study has been made of the fold styles
but many are similar folds of S, and 8, associated with
considerable flow along the axial surfaces (S:). Some
thin quartzite layers within schist show extreme thin-
ning of limbs and thickening of eores and the formation
of foki mullions. Some of the folds in the Fisher
quartzites appear to be simple parallel folds.

Discussion later suggests that the major mapped
folds are Devonian in age and that no large-scale
Precambrian structure is visible. For similar reasons
to those given for the Frenchman’s Cap area it is
sugpeested that there may be a very large recumbent
fold with an east-west axis. It is possible to draw 2
profile of a complex siructure to fit the stratigraphy
sugmested by Spry (1958), Jennings (1958), and Spry
(1962a) showing a large Precambrian recumbent fol
distorted by Devonian antiforms and synforms (fig. 4).
This is named the Borradaile Fold. '

Fvidenece given later suggests a hinge several miles
north of the Fisher River on the Mersey Forestry Road-
The contact between Dove Schist and Fisher Group i
interpreted as the zone in which the foliation becomes
velx('ltical then overturned at the hinge of the reenmbent
fold.

The rocks in this aren nre not strongly lineated and
measurements of lneation directions are too few (o
give an uwderstandable pattern. A plot of poles to
lineation of all kinds is given in fiz. 3. The lineation
lies in the folintion and the diagramm shows that the
lincation plunges at moderate angles to cast or west.

The varjetics of lincation include fold axes, fold
mulliong, ribs on quartzites, crenulations in sechist, large
grooves in quartzite and rarely, intersection of foliations
of various kinds.

Tﬁhree reasons are possible for the spread in direction
in fig. 3 :
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Fig. 3.—Stcreographic projcction of struetural data for thc Mersey-Forth area showing Devonian folding
of Precambrian foliations.
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(1) Linestions of different kinds and ages (eg. L,
and L.) may have been gronped together. i several
places it has been possible to sce two lineations in the
onc speeimen ; one due to metamorphic minerals
plunging west and a later coarse Hneation due to
crenulations of the foliation plunging cast. In gencral
the strongest lincation is paratlel to the axes of adjacent
smalt folds but the relations are not always so sunple.
A large amount of the erest of the overturned antieline
beneath the Waller's Marsh bridge is exposed in the
river. Two lineations run down the fold; one (L.?) is
parallel to the axis but the other (I4?) is 10° away,

(2) The few available measurements suggest that
the east-plunging lineations are confined to the southem
part, of the area, ie. to the Howell Group around
Walter’s Marsh. Tt will be shown Iater that mueh of
the large-scale folding took place in the Devonian so
that the spread in the lincation direction may be due
to cross folding on north-sonth axes, The fold axcs
in the Palacozoie rocks to tlie north plunge geuerally
to the ES.E. so that it is possible that lneations which
originally plunged woesterly have been rotated around
to plunge easterly in part of the area.

(3) Measurements of lineations in very small areas
show that the rocks were originally not completely
homoaxial. An exposure of Iowell Group quartzite in
a road cutting on the Forestry Road 2 miles north of the
Arm River exposes a number of isoelinal folds. Th-~
folds are all of the same style and their axial planes
arc parallel, but fold axes only a few feet apart plunge
west at angles ranging from 5° to 45°. A similar
relationship has been found by Burns (pers. eomiun)
in similar metamorphic rocks on the lower Forth River,

TABBERABBERAN STRUCTURES

Faulls

It iz very difficult to recognise faults through the
Precambrian rocks in this area but a number of minor
post-metamorphism faults parallel to the major folds
oceur to the north and soulll of the Mersey - Arm
junction. A number of other possible faults and fault
directions were tentatively discussed by Spry (1958).
Their age is not known but they are suspected to be
Devonian.

Folds

Spry (1958, p. 136) indicated that the rocks were
folded on all scales ranging {rom microscopie dimen-
sions up to structures many miles across. Many of the
tiny crenutations and shear folds up to a hundred f{eet
or =0 appear to be related to the metamorphism and
were deseribed earlier as Preeambrian.

The larger folds (first and second order folds of
Spry, 1958) are probably Tabberabberan synforms and
antiforms. The stereographic plot. (fig. 3) of the foliation
in the Precambrian rocks shows that t{he poles lic on a2
partial great circle which represents a munber of folds
with lorizontal axes trending east-west. Large folds
in the Precambrian rocks have been mapped in this
direetion (fig. 1 und Spry, 1958; Jennings, 1958) and the
axis of the nearest fold in the Palacozoie sediments to
the north plots close to this direction. The major
unconformity between the Precambrian  schists and
the overlying Cambrian or Ordovician sediinents is not
a strongly angular one. The dip and strike of the
schists and sediments is similiar and the Precambrian
foliation must have been fairly flat prior to the
Cambrian sedimentation.

The closa struetural relations between the Precambrian
and Palacozoie rocks might snggest that perhaps the
metamorphism as well as muell of the folding oceurred
in the Tabberabberan Orvogeny but the following
evidenee shows that this is not so :

1. The contaet between the Dove Schist and the

overlying  Palacozoiec  sediments s sharp,
Regionally  metamorphosed  schist  underlies
unmetamorphosed  sandstone  exeept  where

Devonian granite intrudes along the contact.

2. The Cambrian and Ordovieian conglomerates
contain pebbles ideutieal with the underlying
metamorphie rocks,

3. Cleavage in the Palacozoie sediments is parallel
to the axial surfaces of the large folds but the
foliations in the Precambrian rocks have been
folded by these f{olds.

Two of the largest structures were named the Mersey
Syncline and the Fisher Anticline. It is proposed to
change the name of the former to the Mersey Svnform
as its strueture is even more cowplicated than originally
thought. The synelinal form proposed by Spry (1958)
lina been confirmed by Jennings (1958) and Paterson
(per. comun.). Dips are steep (commonly around 60°,
rarelv lower than 53° and many 852 to 90°) baut
bedding is clear in most exposures and dips are northerly
in the southern part and southerly in the northern
part. At least three smaller folds ocenr within the
synform.

STRATIGRAPHY

Three separate lithological units have been recognized:
Dove Schist
Fisher Group
Howell Group

The Howell Group appears to dip heneath the Fisher
Group 13 miles north of Walter’s Marsh, and also 13
miles west of the Mersey-Arm junction. However, the
Figher Group appears to dip beneath the Howell Gronp
2 miles north of the Mersey-Arn junetion.

The relations of the Dove Sehist and TFisher Group on
the Mereey Forestry Road, north of the Mersey-Fisher
junction, are diflienlt, fo nnderstand. In general hoth
rock types dip away from the contact. 1t is possible
that although the foliation of the Dove Sclust dips
north, the bedding (not now visible) dips south beneath
the Fisher quartzites. Detailed inspection of the contact
zonz along the Mersey Forestry Road, shows that as
the contact ix approached from the north, the foliation
in the Dove Schist hecomes steeper until it is vertieal;
thete is a transition zone where thin quartzites are
imterbedded with schist. and then as the dip becomes
flatter (now to the south) massive Fisher quartzites
appear. This is interpreted as part of an overturned
contacl near the hinge of the hypothetical Borradaile
Told as shown iu the scetion in fig. 4,

Ripple marks ave possibly sufficiently abnndant in the
Fisher quartzites ta allow attitudes to bhe determined
and detailed mapping may clarify the position although
oulcrop is sparse.

At present it is not possible to determine the true
stratigraphic sequence but structurally the Dove Schist
appears to rest on the Fisher Group which in turn vests
on the Howell Group.
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Fig. 4—Cross section along the Mersey River showing Devonian antiforms and synforms superimposed on the

hypothetical recumbent Borradaile Fold.




10 NOTES ON THE PETROLOGY AND STRUCTURE OF THE PRECAMBRIAN

TABLE II

Chronology of Crystallization and Deformation of Schists from the Mersey and from Irenchman’s Cap.

I I ) O
>formation pre syn post sy _post sy _post
Stage tectonic tectonie tectonic
D quartz o
8 mt=covite
B garnet
S albite
C .. ?
H biotite
! chlorite
T tourmaline ? ?
S prodneed S, S Sa
S folded So Su, S So, Sy, S
b8 quariz I R
\OV muscovite
I warnet
L .
L albite
biotite
3 .
C chlorite
H
I
S S produced Sy S. Ss
T
S fOldC(l Su S.J, S; SG, SJ, S‘J
I quartz _— e — =
R .
A muscoviie
}\\, garnet
III albite
N biotite
S chilorite
g kyunite P |
1 ~
S S produced St S Ss
T .

S fOl(lL‘d Sn Su, Sl SO, Sl, S’.’




METAMORPHIC ROCKS OF THE UPPER MERSEY-FORTH AREA 11

CONCLUSIONS

The Howell Group and Dove Schist are dominantly
metapelites belonging to the quartz - albite - epidote
almandine subfacies of the Greenschist Facies whereas
the Fisher Group is mainly quartzitic with minerals and
textnres ore characteristic of the quartz-albite -
epidote - muscovite - chilorite subfacies. Rocks containing
the two different mineral assemblages are closely
associated in the field.

The Howell Group and Dove Schist are thus similar
in litholozy and structure to rocks deseribed previously
from Frenchman’s Cap (Spry. 1962b) and as the petro-
logical and structural problems are the same they nced
not be disenssed at length here, The chemical analyses
in Table 1 show that rocks of similar compositions
(cg. slate No. 7390 from the Fisher Group and the
garnet schists Nos. 7387 and 7388 from the Howell
Group) are chemically similar but their minernlogy
indieates that they have Dbeen metmnorphosed to
considerably different grades.

The structural simplieity and low metamorphic grade
of the Fisher Group suggests that it might be younger
than the Dove Schist and ITowell Group. It has features
in common with the younger Precambrian rocks (Spry,
10621) a« well as the older Preeambrian Mary Group.

The fabric evolulion of the albite schists in the Dove,
Howell and Franklin Groups are comnpared in Table II.

As shown carlier the largest visible struetures are a
series of synforms and antiforms shown on the maps of
Spry (1958) and Jennings (1958) but it does not scem
possible to derive a simple structural explanation
compatible with all the field observations, An earlier
explanation (Spry, 1958) attempted to reconcile various
conflicting points by postulating large strike faults.
Later mapping by Jennings (1958), S. J. Paterson and
}ll‘»e author has failed to confirm the cxistence of these
aults.

An hypothesis involving u large recumbent fold ix
presented in an attempt {0 overcome these difficulties
even though at present there scems to be no way to
check its validity. It is compatible with all field
observations of the attitudes of foliations, bedding and

contaets and is the kind of structure whieh has been
found elsewhere in the world iu rocks which are
similarly metamorphosed and which have shnilar small-
seale structures.

The large Precambrian recumbent fold lias a core of
Howell Group surrounded by Tisher Group then Dove
Schist. The direction of the axis of this fold is related
to the lineation and probably plunges rather flatly to
the west but may be warped. The Fisher-Dove contact
iz interpreted as the hinge of the fold which is thus
shown as closing to the north.

This is similar to the strueture postulated at French-
man’s Cap and has a similar axial trend. A comparison
of the chronology of crystallization and deformation of
Franklin and Howell Group schists shows many simi-
larities. The differences are : ’

1. j‘l]c 1’y phase produced much more intense fold-
1(131;; of S: at the Mersey than at Frenehman’s
ap.

2. Biotite was formed during Fa at the Merscy but
there was no significant mineral growth at French-
man’s Cap.

3. Albite is restricted to the intertectonic period
between Fr and T, at Frenchman’s Cap but nay
é)oasib]y have crystallized after F. in some Dove

chist.

T, F. and Fs do not necessarily mean the same
thing in the two areas.

Fs at Jrenchman’s Cap appears to consist mainly of
Palaeozoic movements whereas that at the Mersey may
be mostly Precambrian.

The correlation in Table IT however, is preferred. It
iz based on detailed similarities between the nature of
S, relics, and the fact that S, is dominant in the schists
and is the axial surface of the minor folds.

It is considered that metamorphic mineral asscmblages
characteristic of chlorite to garnet grade were produced
in large flat sheets of rock during F; and that these
were folded into large recumbent folds during F. at
chlorite grade.
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